Long-lived animals show a non-observable age-related decline in immune defense, which is provided by blood cells that derive from self-renewing stem cells. The oldest living animals are bivalves. Yet, the origin of hemocytes, the cells involved in innate immunity, is unknown in bivalves and current knowledge about mollusk adult somatic stem cells is scarce. Here we identify a population of adult somatic precursor cells and show their differentiation into hemocytes. Oyster gill contains an as yet unreported irregularly folded structure (IFS) with stem-like cells bathing into the hemolymph. BrdU labeling revealed that the stem-like cells in the gill epithelium and in the nearby hemolymph replicate DNA. Proliferation of this cell population was further evidenced by phosphorylated-histone H3 mitotic staining. Finally, these small cells most abundant in the IFS epithelium were found positive for the stemness marker Sox2. We provide evidence for hematopoiesis by showing that co-expression of Sox2 and Cu/Zn SOD, a hemocyte-specific enzyme, does not occur in the gill epithelial cells but rather in the underlying tissues and vessels. We further confirm the hematopoietic features of these cells by the detection of Filamin, a protein specific for a sub-population of hemocytes, in large BrdU-labeled cells bathing into gill vessels. Altogether, our data show that progenitor cells differentiate into hemocytes in gill, which suggests that hematopoiesis occurs in oyster gills.
INTRODUCTION 43
9 250 kDa marker, which is in agreement with the oyster FLN molecular weight (323 kDa; 246
EKC28512.1). 247
IHC was performed on oyster cross-sections using FLNAb, SODAb and DAPI. Confocal 248 microscopy confirmed FLNAb specificity since it revealed an intense and specific signal in 249 the gonad axillary cells (Fig. S6B) as previously shown for drosophila (Sokol and Cooley, 250 2003) . Furthermore, confocal microscopy revealed a sub-population of cells bathing into the 251 IFS sinuses and vessels, which were confirmed to be hemocytes for their SOD co-labeling 252 (Fig. S6C) . 253
Using this tool, we addressed whether gill precursors indeed differentiate into hemocytes. 254
Thick cross-sections of gill tissue were incubated for 16 hrs with BrdU as above and 255 immediately fixed. IHC was then carried out on gill cross-sections using first the FLNAb and 256 then after acidic denaturation, the anti-BrdU mAb. Fluorescence microscopy revealed strong 257 signals for both FLN and BrdU in cells bathing in the hemolymph, notably of a main gill 258 blood vessel (Fig. 6B, C) . 259
This latter result is particularly significant since it shows that the stem and/or precursor cells 260 replicated DNA and differentiated into hemocytes expressing the FLN marker, in this isolated 261 piece of the oyster gill. 262
263

DISCUSSION. 264
The aim of this research was to address the origin of hemocytes in bivalve. This Beside their immunological functions, mollusk hemocytes are believed to be involved in shell 281 mineralization (Mount, 2004) , excretion, metabolite transport and digestion and wound repair 282 (reviewed in Cheng, 1996) . 283
Yet, despite the multiple hemocyte functions that have been studied, the origin of hemocytes 284 in bivalves has remained elusive since L. Cuénot (1891) published his founding work on the 285 origin of blood cells in animals. Even more striking is the fact that, although mollusks are 286 models for a spectrum of research including frontier science in neurobiology (Landry et al. Here we reexamined the origin of bivalve hemocytes by scrutinizing the adult oyster tissues 292 and by identifying markers for both bivalve progenitor cells and hemocytes. While focusing 293 on the gill for its overall higher density of nuclei as shown through histology and IHC, a less 294 dense structure termed IFS was uncovered, which contains a population of small stem-like 295 cells (Fig. 1) . Interestingly, although IFS occupies a variable proportion of the gill (1/6 to 296 1/5 th of a gill section), it was consistently highlighted in IHC when using markers for cell 297 proliferation or for stemness, which emphasizes the IFS contribution to precursor cell 298 proliferation in gills. In addition, histology suggested that a fraction of stem-like cells were 299 only loosely attached to the IFS epithelium while in other places they produced long 300 protrusions inside the tubules. Interestingly, these cytoplasmic extensions are usually 301 recognized as indicative of cell motion (Lauffenburger and Horwitz, 1996) . Therefore, the 302 stemness traits of these small cells in contact with the hemolymph, raised the possibility they 303 participated to the oyster hematopoiesis. 304
Hematopoiesis requires precursor cell proliferation as exemplified by the daily production of 305 10 11 blood cells in human adults. The production of hemocytes can be deduced from the 306 hemocyte population size and half-life. Indeed, the complete blood collection of an 307 experimental oyster (10 grams of meat) routinely provides 10 6 hemocytes (Rolland et al., 308 2012), which is a conservative value since the proportion of blood cells infiltrating the oyster 309 tissues is unknown. On the other hand, the hemocyte half-life was determined to be 22 days 310 for the related American oyster C. virginica (Feng and Feng, 1974) physiological process not related to immune defense, shell mineralization, also lead to an 326 important loss of hemocytes since it requires the migration of numerous hemocytes to the 327 surface of the shell-facing outer mantle epithelium (Mount et al, 2004) . A high capacity of 328 hemocytes production is therefore expected in oysters and most likely in other bivalves. 329 DNA replication, here used as an indicator of cell division, was shown through BrdU-labeling 330 (Figs 2 and S2) to be at a higher rate in gill than in mantle, another main tissue. Moreover, the 331 percentage of cells with a DNA content indicative of cells engaged in division was also 332 significantly higher in gill than in mantle as shown by FACS analysis (Fig. S3) . 333
Cell proliferation was confirmed in gill using the histone H3P, a mitotic marker. Indeed, 334 counting the H3P-positive versus DAPI nuclei on confocal cross-sections confirmed that gill 335 cells have quite a higher mitotic index than mantle. Furthermore, the higher cell density in gill 336 than in mantle, a lacunar tissue (Galtsoff, 1964; Eble and Scro, 1996) , translates into a much 337 higher density of dividing cells in gill than in mantle (Fig. 4E) . Gill therefore appears to have 338 a superior capacity of generating cells. 339
In healthy adults, cell proliferation is likely to occur only in the hematopoietic organ in which 340 blood cell progenitors are expected to be abundant. Indeed, the striking abundance of Sox2-341 positive cells in gill, notably in the IFS epithelium and hemolymph (Fig. 5 ) confirmed our 342 initial hypothesis that the small round cells with a pear-shape nucleus seen through histology 343 (Fig. 1) , were stem or progenitor cells. Together these data demonstrate the existence of adult 344 somatic progenitor cells in mollusk, a prerequisite for hematopoiesis (Hartenstein, 2006) . 345
Interestingly, cells that proliferate or express Sox2 in the IFS hemolymph mostly belong to 346 groups of loosely associated cells (Figs 3B and 5C), which is reminiscent of the electron 347 microscopy description of the hematopoietic clusters of the Polychaete annelid Nicolea 348 zostericola (Hartenstein, 2006; Eckelbarger, 1976) . 349
In addition, the IFS epithelium is embedded in a thick eosin-stained ECM from which stem-350 like cells emerge ( Goat anti-mouse Alexa 488 (A11029) at dilution 1/1000. To reveal the rabbit anti H3P, a 420 biotinylated goat anti-rabbit (S323555) was used at dilution 1/500 and revealed using Avidin 421 Alexa 647 (S21374, Molecular probes) at dilution 1/1000. Secondary antibodies were 422 incubated at room temperature for 1 hour. When necessary, DAPI (Sigma, D8417) was added 423 at dilution 1/3000 to the secondary antibody. Mounting medium for fluorescence microscopy 424 was made as follows: 10 g of Mowiol (Sigma, 81381) and 2.5 g of DABCO (Sigma, 290734) 425
were dissolved in 90 mL PBS (pH 7.4) and 40 mL glycerol were added. 500 µl aliquotes were 426 frozen at -20°C until use. 427
BrdU incorporation. 100 µl of a 1.6 mM BrdU solution was injected in the sinus of the 428 adductor muscle of oysters (1.8 g of meat, n= 3), which were maintained in seawater at room 429 temperature for 6 hours before fixation of the entire body. Alternatively, thick body cross-430 sections were incubated as follows: one transversal section was carried out on the hedge of 431 the heart chamber while the other parallel section was 10 mm away in the direction of the 432 mouth (Galtsoff, 1964) . Tissue sections were incubated in 50 mL of L15 cell culture medium 433 Villepinte, france) at 4°C for 1 hr. The typical concentration for the S100 extract was 10 mg 474 mL -1 . All chromatography resins were from GE Healthcare (Fairfield, CT, USA). Briefly, 2 475 mL of a S100 oyster protein extract were incubated in a 20 mL batch of SP Sepharose (corresponded to 200 mM KCl) were confirmed to contain the high molecular band as above 489 (Fig. 6A) . Positive fractions were precipitated with 70% Ammonium Sulfate at 4°C. Pellet 490 were solubilized in electrophoresis buffer and denatured in Laemmli buffer without ß-491 mercapto ethanol before electrophoresis on a 7% preparative SDS-PAGE. A unique band over 492 250 kDa was revealed using colloidal blue. The band was cut off the gel and it was analyzed 493 through Mass Spectrometry (Table S4) doubly and triply charged ions, were selected on each MS spectrum for further isolation and 507 CID fragmentation with 2 energies set using collision energy profile. Fragmentation was 508 performed using argon as the collision gas. The complete system was fully controlled by 509 
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